Evolution
Evolution and ecology are intimately related; indeed, evolution is a consequence of populations interacting with their environment (ecology).  In particular, we now know that adaptations have evolved as a direct result of their selective, adaptive, reproductive value in an environment.  So, understanding what evolution is and how it works is critical to appreciating why organisms are what they are and do what they do.
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I. Darwin
No consideration of evolution is complete without at least a cursory summary of the contributions of Charles Darwin. Darwin made two critical contributions in his book, The Origin of Species (1859): 1) he provided the most compelling and complete argument for evolution by common ancestry as a scientific fact; and 2) he provided a hypothesis of how this change could occur—Natural Selection.

      A. Evolution and Common Ancestry

Darwin marshalled evidence from many scientific disciplines, and forecefully and convincingly argued that the data is most easily explained as a consequence of species changing through time as they diverged from shared ancestors. This explained:

 - why new types of organisms appear throughout the stratigraphic fossil record and are not all present in the oldest strata, as predicted by the model of single creation.

 - why, within a lineage like horses, there is progressive change in characters through the fossil record, continuous with modern forms.  So, horses in recent strata are more similar to modern horses than fossil horses in deeper, older strata.

 - why there is an underlying “limitation of design” among organisms… such that humans, whales, and bats (that live very different lives and could be designed more explicitly for the lives they lead) show a remarkable similarity in underlying structure.  They share homologous structures (like limb bones) that are built out of the same parts (digits, wrist bones, radius, ulna, and humerus) but which, as a consequence of relative difference in the sizes of these parts, can perform different functions in different environments.
- why organisms that are radically different in structure can converge on similar types of structures that function the same way in the same environment (analogous structures).

- why every species has structures that are not ‘designed’ to do anything, and “bear the plain stamp of inutility” (vestigial structures), while they are present and do function in other species.

- why embryos of radically different species, like a mouse and a chicken, are similar, and have structures as embryos that they do not have as adults but are present in other species (gill slits).

Darwin observed many patterns that correlated with environmental conditions and geographic distributions.  He hypothesized that different environments might CAUSE species to diverge, and a common environment might CAUSE initially different organisms to become more similar.  This explained homologous and analogous structures, and also convergent communities in which different organisms filled parallel ecological roles.  Likewise, it seemed that communities on islands, isolated in space, were populated by species found nowhere else.  So maybe geographical isolation in a new environment caused species to change and diverge from ancestral groups. 
      B. Natural Selection

After reading Malthus, who had concluded that a “struggle for existence” will naturally arise as growing populations outstrip limited resources, Darwin appreciated that organisms with traits that increased their probability of gaining these resources would be most likely to survive and reproduce…passing on these beneficial traits.  Over time, beneficial traits for this and that would accumulate in a population, changing it in a way that made it better adapted in its environment.  Populations of a particular species, isolated in different environments, would be ‘selected’ for different traits and would diverge—creating new species descended from the same ancestral species.
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Darwin observed variation and knew that some variation was heritable; but he did not understand how the heritable material produced variation.  He believed that the heritable material was a fluid and blended, which reduces variation.

II. Genetics

The rediscovery of Mendel’s laws in 1900, and subsequent research on heredity from 1900-1920, revealed the source of heritable variation.  Hereditary units are “particulate”—they don’t blend together but remain discrete.  What creates variation is the nearly infinite number of combinations of hereditary particles “genes” that are created during gamete formation and fertilization. Genes ‘mutate’, creating new alleles and new genes.  These are re-arranged on chromosomes through crossing-over, and recombined with other chromosomes during Independent Assortment. Gametes combine to create novel combinations of genes, reflected by the phenotypic variation we see among organisms of every natural population.
III. Population Genetics

     A. Model

Hardy and Weinberg (and others) created a simple model of the genetic structure of a population at one locus, defining the genotypic and gene frequencies at that locus.  They showed that an equilibrium would be established in one generation, if the population behaved in a completely probabilistic and constant way. They showed that this “equilibrium” would occur if the population was infinitely large, bred randomly, and had no mutation, selection, or migration. But, if any of these conditions were not met, then evolution would occur.  Models showed that selection and drift were the two agents that could change the genetic structure of a population the most. 

     B. Drift

While it was comforting to see that models confirmed the importance of Natural Selection, this was balanced by the surprising realization that change could occur randomly, as a function of statistical sampling error.  If the breeding population was a very small subset of the initial population, then the genetic structure of this subset would probably deviate from the genetic structure of the original population. Small samples would be more likely to deviate than large samples, and multiple small samples would deviate more from one another than multiple large samples.  The biological instances where these effects would be likely were: 

1. Genetic Bottleneck:  If a population were dramatically reduced in size, then the ones remaining would not be representative of the whole original population.  Although there was probably a reason the population collapsed (predation, disease, etc.), and thus selection at relevant loci (selection for stealth, camouflage, or pathogen resistance), changes at other loci would be random… the result of drift.


2. Founder Effect: If a subgroup migrates to a new, unpopulated area, it will probably not be representative of the original.

IV. Modern Evolutionary Theory
Evolutionary science has not remained static; new discoveries in genetics and ecology have led to changes in the overall picture of how evolutions occurs.
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C: There will be a “struggle for existence”... most offspring born will die
before reaching reproductive age.

P3: Organisms in a population vary, and some of this variation is heritable
C2: As a result of this variation, some organisms will be more likely to
survive and reproduce than others — there will be differential reproductive
success.

C3: The population changes through time, as adaptive traits accumulate in
the population.

Corollary: Two populations, isolated in different environments, will diverge
from one another as they adapt to their own environments. Eventually,
these populations may become so different from one another that they are
different species.




A. Peripatric Speciation

 - In the ‘50’s, Ernst Mayr suggested that speciation would result from accumulated genetic differences among populations.

- If selection and drift cause the greatest amount of genetic change, then the most change, resulting in the formation of new species, should occur when these processes were occurring together: when small populations “bud-off” an existing species’ range and colonize a new habitat.  Drift (small pop) and selection (new habitat) should be strong, so response and speciation should be rapid.

B. Punctuated Equilibrium

 - In the 70’s, Gould and Eldridge suggested that, if Mayr was right, then the geologic record should show a pattern of species stasis, periodically ‘punctuated’ by period of rapid change when small populations were adapting rapidly to new environments.  These small, short-lived populations of “intermediates” would be unlikely to leave a fossil, so the fossil record should be discontinuous.  We shouldn’t expect to see long sequences of transitional fossils, because change will be concentrated in rapid speciation events occur in isolated, small populations.  Only after a population adapted would it increase in size, spread, and leave fossils.
C. Genes and Development: “Evo-Devo”
There was a basic conundrum in evolutionary biology in the 1950’s – 1980’s: could the changes in the frequencies of alleles at a locus (called ‘microevolution’) really explain large-scale changes in the shapes of organisms and the evolution of novel structures not seem before (‘macroevolution’). Indeed, your book still uses this terminology—a distinction that has fallen out of favor, for reasons we shall explore here. Could genes that change “what is made” (like a pigment), really explain changes in “how it is put together” (shape of an organism).  Well, yes: once we discovered that there were GENES that determined “how it is put together” and when.
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- Although the first hox genes were discovered in the 1920’s, it wasn’t until the 1980’s when the full complement of hox genes, and their collinearity with Drosophila body segments was revealed.  There were found in the mouse in the late 1980’s, and their importance in restructuring the gross morphology of animals was apparent.  This led to an appreciation that dramatic evolutionary changes to body plans or morphology are probably due to changes in genetic regulation of development, rather than in the production of new structural genes. The presence of the same homeobox genes in all bilaterally symmetrical species suggest basic developmental pathways are just modified in different ways to produce the body plans of different phyla.  So, small changes in regulatory genes that code for transcription factors can have big morphological effects; for instance, changes in the relative growth of limb bones can create the differences we see in homologous structures. Or, changes in the activation of homromes can affect the growth of body parts in new ways.  For example, Daphnia can detect secretions of predatory fish, and in response they develop head shields and spines that reduce predation.  This induction of a developmental change is highly adaptive and selective – but it is fundamentally a change in a regulatory pathway. These developmental pathways that affect the final phenotype are under as much selective pressure as any other gene that influences the phenotype. And as we should expect, different environments will favor different environmental pathways.  There aren’t two types of evolution (micro and macro), evolution occurs one way, but we can look at its effects at different spatiotemporal scales.
Study Questions:
1. How are evolution and ecology related?

2. How did Darwin explain homologous structures and analogous structures?

3. Outline Darwin’s Theory of Natural Selection as 3 premises, 3 conclusions, and a corollary.

4. What are the primary sources of genetic variation among organisms?

5. Describe the two patterns among descendant populations that drift produces.

6. Describe a genetic bottleneck and a founder effect.  How is selection almost always involved in a bottleneck?

7. Describe peripatric speciation.  Why did Mayr think this was where the greatest change took place?

8. How did Eldridge and Gould apply peripatric speciation to explain the discontinuous pattern of morphological change in the fossil record?

9. Evolution can proceed not just by changing the type of genes, but by changing their patetrns of activation and regulation.  Explain.

10. Outline our modern model of evolution.
